Beyond Guaranteed Savings: Additional Cost Savings Associated With ESPC Projects Executive Summary
Energy Savings Performance Contract (ESPC) projects are generally believed to deliver only small cost savings to the government, given that most of the guaranteed savings are paid to the Energy Service Company (ESCO). The main conclusion of this report is that significant cost savings do accrue to the government. These savings come about because (1) the ESCO does not guarantee all of the savings it estimates; (2) the useful life of the equipment extends beyond the performance period of the ESPC; (3) National Institutes for Standards and Technology (NIST)/Energy Information Administration projections for energy price escalation have been very conservative with respect to actual price increases; and (4) the baseline case that forms the basis of the guaranteed savings calculation assumes that the baseline equipment would maintain the same efficiency and require the same level of maintenance for a period of time equal to the performance period of the ESPC. More realistic assumptions indicate that for a representative project, the federal government receives nearly twice the level of cost savings guaranteed by the ESCO. Figure 1 presents a breakdown of the sources of these savings. 
Introduction
Net cost savings to the government in federal ESPC projects are generally believed to be small, given that most of the guaranteed energy and energy-related cost savings accruing over the life of the contract are paid to the ESCO. However, this belief is based on the assumption that the guaranteed cost savings are more or less equal to the actual avoided costs associated with the project. As shown in this report, there are four principal sources of cost savings that are not captured in the calculation of the guaranteed savings. A methodology is presented for quantifying these additional savings in a representative project.
First, to reduce their risk, ESCOs routinely guarantee only about 96% of the estimated cost savings from an ESPC project. This means that in the absence of any shortfalls, the site receives about 104% of the guaranteed savings during the project performance period.
A second source of additional savings is that guaranteed cost savings accrue only during the performance period of an ESPC project. The average performance period in the Federal Energy Management Program's (FEMP) ESPC program is 17 years, and it seems likely that equipment that has been well maintained over 17 years will have additional useful service life at the end of this period. Exactly how much service life remains will depend on the particular equipment involved, but large centrifugal chillers, for example, have a useful service life of greater than 25 years (ASHRAE, 2011) .
A third source of additional savings involves the assumed rates of escalation for energy and energy-related savings that are used to calculate contract utility prices in ESPC projects. To determine these escalation rates, agencies and ESCOs have most often used the factors contained in the NIST Annual Supplement to Handbook 135 (NIST, 2013) . However, since 1998, these projections have been very conservative (EIA, 2012) , meaning that energy prices have increased at a faster rate than these projections assumed. Therefore, the avoided cost of energy and energyrelated O&M is higher than the guaranteed cost savings.
Finally, energy savings in ESPC projects are calculated with respect to a "do nothing" case in which the existing equipment is left in place. The calculation assumes that the existing equipment would have the same performance, and require the same level of maintenance, over the life of the ESPC contract. In reality, however, equipment suitable for replacement in an ESPC is usually nearing the end of its useful service life. Were it to remain in place, its efficiency would likely decrease, and maintenance costs increase, over time. Thus the calculation of savings tends to underestimate the costs associated with the "do nothing" case and consequently underestimates the savings associated with the ESPC.
As shown in the following sections, the additional cost savings that accrue to the government as a result of these four factors are significant. For the representative project examined here, the additional cost savings were equal to about 96% of the guaranteed cost savings, meaning that the total cost savings delivered to the government is about 1.96 times the guaranteed cost savings.
A Representative Project
The analysis began with the definition of a representative ESPC project, using data on task orders awarded under FEMP's ESPC indefinite delivery, indefinite quality (IDIQ) contract from 2010 through 2012. Over this period, the average project implementation price was approximately $18.2 million. Implementation price includes all direct project implementation expenses (surveys, feasibility studies, design, equipment, construction, commissioning) plus mark-up to recover indirect costs (overheads, sales effort, etc.) and profit.
An agency planning a comprehensive energy-efficiency retrofit may find that the ESPC project will make planned repair or renewal projects unnecessary because they will be included in or obviated by the ESPC project. The savings from the expenditures avoided because of the project may qualify as a one-time energyrelated cost savings that can be applied as a one-time payment to the ESCO. From 2010 through 2012, one-time payments from savings (excluding projects with large American Recovery and Reinvestment Act payments) averaged about 10% of project implementation price.
Although the investment-weighted interest rate over the 2010-2012 period was 5.76%, an interest rate of 4% was chosen for the representative project in order to be consistent with more recent awards. ESPC project interest rates depend on Treasury rates and market conditions, and have been on a general downward trend for the past several years.
In an ESPC project, the ESCO does not receive payments from the government until the government has accepted the conservation measures installed. For this reason, the ESCO must borrow more than the amount required to install the project in order to make interest payments to the financier during the construction period. The amount of overborrowing is called the Finance Procurement Price. In addition to capitalized construction period interest, it may also include payment and performance bonds, closing costs and other fees. For the representative project, the Finance Procurement Price was set equal to 1.78 times the annual interest on the sum of the implementation price and the finance procurement price. This is the average for projects awarded from 2010-2012.
The performance period service price in the first year of the performance period was set equal to 2.15% of the implementation price, or $391,300. Of this amount, 90.7% is assumed to be for O&M and 9.3% for measurement and verification. According to NIST's current recommendations for general price inflation (NIST, 2013) , this figure is assumed to escalate at 2.1% per year.
The simple payback for the project was assumed to be 11.6, making the year-1 estimated cost savings equal to $1,568,966. This figure is also assumed to escalate at 2.1% per year according to NIST's projections for electricity price escalation over 17 years (NIST, 2013) . The ESCO was assumed to guarantee 96% of the estimated savings, consistent with the current average for ESPC projects awarded under FEMP's contract (Shonder and Slattery, 2012) .
The representative parameters needed for the cost analysis, and based on averages from Task Orders awarded from 2010 through 2012, are summarized in Table 1 . The ESPC was also assumed to conform to the following:
 Two year construction period  Annual-in-advance payments  Monthly compounding of interest  ESCO payment of one dollar less than the guaranteed cost savings
With these assumptions and the parameters of Table 1 , the performance period of the representative project is found to be 17 years, which is equal to the current average performance period for ESPC task orders awarded under FEMP's IDIQ contract. The total guaranteed savings is $34,824,133.
To study the effects of savings decay, energy price escalation rate, and other parameters, additional assumptions were required regarding the sources of the guaranteed cost savings. First, the project was assumed to represent replacement of chillers with an efficiency of 1 kW/ton by newer, more efficient chillers with an efficiency of 0.6 kW/ton. The site's O&M cost for the baseline equipment was assumed to be 50% of the ESCO's O&M costs in any given year. In the first year of the performance period, the ESCO's cost to maintain the new chillers is (0.907) $391,300 = $354,909, so it is assumed that the site's cost to maintain the baseline chillers would be half this amount, or $177,455. Given the O&M escalation rate of 2.1%, the site's year-1 O&M costs for the baseline chillers is $170,230. This amount is claimed as energy-related O&M savings in the ESPC. To determine savings, two cost models were developed: one for the ESPC case and another for a baseline case in which the baseline equipment is left in place. The study period for both cases is 25 years.
ESPC Cost Model
The cost model for the ESPC case includes the following costs:
 Payments made to the ESCO for debt service, O&M on the installed chillers and M&V costs during the 17-year project term  Payments to the utility for electricity to operate the replacement chillers  O&M costs paid by the site after the completion of the ESPC (years 18-25) Upon completion of the ESPC, the efficiency of the chillers is assumed to decay by 1% per year to account for the reduced level of maintenance performed by the site compared with maintenance by the ESCO. A 1% rate of decay has been used in previous ORNL reports (Hughes et al., 2003; Shonder et al., 2006) and in reports by others (Hopper et al., 2005; GAO, 2005) . The cost to the site for this reduced level of maintenance is 50% of what the ESCO's O&M cost would have been in any given year. While NIST's projection sets the escalation rate for electricity cost savings at 2.1%, the price of commercial electricity has actually risen by about 2.5% per year since 1998 (EIA, 2013). To calculate electricity costs, the ESPC model assumes electricity prices escalate at 2.5% per year from the baseline cost of $0.09 per kWh. The guaranteed savings escalates at the more conservative rate of 2.1%. Table 2 presents the costs for each year of the ESPC case. Note that the one-time payment from savings of $1,820,000 is included in the guaranteed savings for the initial year of the performance period. Construction is assumed to begin in year 1, and there is a 2 year construction period. Year 1 is not included in Table 2 .
Baseline Cost Model
The baseline model assumes the site leaves the existing chillers in place for the 25-year study period, and accounts for the cost of electricity and O&M on these chillers. As with the ESPC case, electricity prices are assumed to escalate at the more realistic rate of 2.5% per year. It is also assumed that the site's O&M costs in the baseline case are one-half of the ESCO's costs to maintain the new chillers, at least initially. However, unlike in the standard ESPC analysis, here it is assumed that the site's O&M costs increase by 1% per year above inflation to account for the equipment degradation caused by the reduced level of maintenance. Furthermore, the site's reduced level of maintenance is assumed to result in a decay of 1% per year in the efficiency of the baseline chillers. Table 3 presents the costs for the baseline case. Note that the $1,820,000 that appears as a one-time payment in the ESPC case shows up here as a one-time O&M cost in year 3. A one-time cost to repair the baseline chillers would be a legitimate source for a one-time payment from savings in the ESPC, since the ESPC would eliminate the need to repair the baseline chillers. Results Table 4 compares the costs in the ESPC and baseline cases, with the savings defined as the baseline costs minus the ESPC costs. It is seen that the net cost savings over the 25 year study period is $33,860,000. This is 97% of the guaranteed savings. Another way of stating the result is that the ESPC project results in cost savings to the agency of 1.97 times the guaranteed cost savings. Nearly all of the guaranteed cost savings is paid to the ESCO, leaving the agency a net cost savings of about 97% of the guaranteed savings. For 2013, the Office of Management and Budget specifies a nominal discount rate of 2.85% for 25 year analyses (OMB, 2013) . Given this discount rate, the present value of the savings is $20,106,055.
As stated in the introduction, there are four principal factors that account for the net cost savings:
1. The ESCO does not guarantee all of the estimated savings. 2. Additional savings accrue beyond the performance period. 3. NIST's recommended escalation rates for energy savings have consistently underestimated the actual escalation of energy prices.
4. Estimated savings in ESPCs are based on the assumption that the baseline equipment would maintain the same performance and incur the same O&M costs for a period equal to the length of the ESPC performance period.
To determine the relative effect of each of these factors, the spreadsheet model was used to relax each of the four sequentially. Table 5 presents the results. The last column shows the relative effect of relaxing each of the four factors in turn. In other words, accounting for the fact that the ESCO guarantees only 96% of the savings increases the net savings by 6.1% of the guaranteed savings. Accounting for the additional savings that accrue beyond the performance period increases net savings by an additional 39.5% of the guaranteed savings. Accounting for the actual increase in energy prices increases net savings by an additional 7.2% of the guaranteed savings. And finally, accounting for modest decay in the performance of the baseline equipment due to the reduced level of maintenance performed by the site increases net savings by an additional 44.5% of the guaranteed savings. 
Sensitivity Analysis
The net cost savings calculated above depends on the following assumed parameter values:
 efficiency decay rate: 1%  actual energy escalation rate: 2.5%  O&M cost escalation rate: 1%  site's O&M as a percentage of the ESCO's costs: 50% Table 6 shows how the net cost savings change when the values of these parameters are decreased and increased by 10% of their assumed values. It is seen that changing the parameters by 10% changes the net savings by 1-7%. One parameter not included in Table 6 is the useful service life of the equipment. The representative project installed equipment with a service life of 25 years, giving it 6 years of additional service life after the completion of the ESPC contract. Other equipment might not have the same life. If the equipment has only 4 years of service life upon the completion of the ESPC contract, the net savings falls to $25,729,596. This means that a reasonable range for the total savings to the government is between 174% and 197% of the guaranteed savings. Clearly the net savings is most sensitive to the assumed service life of the replacement equipment.
Additional Sources of Savings
This report did not consider all potential sources of additional savings. For example, energy savings in ESPC projects are usually calculated on the basis of weather conditions for a typical year at the site. Actual weather that is more severe would result in additional savings. In the representative project, higher cooling loads would result in longer run hours and thus higher electricity savings when the baseline chillers are compared with the replacement chillers. Additional savings of this nature would depend on the particular site and its weather conditions, and would be difficult to estimate for a representative project.
Another potential source of savings is increased productivity in buildings that receive upgrades, compared with buildings in the baseline case. Case studies have documented increases in worker productivity in energy-efficient buildings. But the data are sparse. A 2003 meta-study analyzed a number of previous studies and found increased productivity due to a number of factors, including improved lighting, quieter working conditions, and improved ventilation (Loftness et al., 2003) . Productivity gains in most cases were in the range of a few percent. Changes at this level would have only a small effect on the conclusions of this report.
Conclusions
The objective of this report was to develop a reasonable estimate for the additional savings that accrue to the government in an ESPC project beyond the guaranteed savings. A representative ESPC project was chosen based on data from FEMP's ESPC program from 2010 through 2012, and cost models were developed of both the ESPC case and the baseline case. To account for escalation of energy prices beyond the value NIST recommends, electricity prices in both cases were escalated at a rate corresponding to the actual rate of price inflation for 1998-2012, while guaranteed savings were escalated at the value recommended by NIST. To account for the lower level of maintenance provided by government sites compared with the ESCO, the efficiency of the baseline equipment was assumed to decay at 1% per year, a rate that has been used in previous studies. To account for the effects of this lower level of maintenance on equipment degradation, costs for O&M performed by the site were assumed to increase by 1% per year.
Given these assumptions for the representative project, the total cost savings to the government was found to be 1.97 times the guaranteed savings. Nearly all of the guaranteed cost savings is paid to the ESCO, leaving the agency a net cost savings of about 97% of the guaranteed savings.
Two key assumptions made in the analysis are that the baseline equipment remains in place for 25 years and that the replacement equipment has a useful service life of 25 years. Although the latter assumption seems more likely than the former, it is possible that both the baseline and the replacement equipment would require replacement sometime before the end of 25 years. Since the cost of replacement would be similar in each case, the net savings as estimated by this analysis would not change by a significant amount.
The main conclusion of this report is that significant cost savings do accrue to the government in ESPC projects, despite the fact that most of the guaranteed savings is paid to the ESCO during the performance period. This savings comes about because (1) the ESCO does not guarantee all of the savings it estimates; (2) the useful life of the equipment extends beyond the performance period of the ESPC; (3) NIST/EIA projections for energy price escalation have been very conservative with respect to actual price increases; and (4) the baseline case that forms the basis of the guaranteed savings calculation assumes that the baseline equipment would maintain the same efficiency and require the same level of maintenance for a period of time equal to the performance period of the ESPC. More realistic assumptions indicate that the federal government actually receives nearly twice the level of guaranteed savings for a representative project.
